Abstract: Objective. In 1998, Felitti and colleagues published the first study of the Adverse Childhood Experiences-Questionnaire (ACE-Q), a 10-item scale used to correlate childhood maltreatment and adverse rearing contexts with adult health outcomes. This paper qualitatively reviews nearly two decades of research utilizing the ACE-Q, highlighting its contribution to our understanding of the causal roots of common, interlinked comorbidities of the brain and body.
PUBLIC INTEREST STATEMENT
Twenty years of research using the Adverse Childhood Experiences (ACE) Questionnaire reveals that a short list of traumatic childhood experiences, neglect, and stressful rearing contexts associates with an incredibly wide array of serious adult-age diseases. Mental illnesses, addictions, and multi-organ diseases of the body occur in comorbid patterns in a dose-dependent way with greater convergence of multiple types of ACEs. The intergenerational transmission from parents with high ACE-scores to children who are not well attached, protected and nurtured-and grow up more sick and less able to parent-is evident in this literature. This evidence indicates the need for more investigations on how ACEs generate mental illness and addictions as modifiable biological processes just as important as psychiatric genetics. Additionally, this literature highlights the imperative for greater integration of mental health and addiction services especially for parents with young children, as core, rather than marginal public and preventative health missions.
diseases. The intergenerational transmission of this disease burden via disrupted parenting and insecure rearing contexts is apparent throughout this literature. However, the ACE-Q does not tease out genetic or fetal drug exposure components of this transmission. Conclusions. Adverse childhood experiences and rearing may generate a public health burden that could rival or exceed all other root causes. Translating this information to health-care reform will require strengthening brain-behavioral health as core public and preventative health-care missions. Greater integration of mental health and addiction services for parents should be accompanied by more research into brain mechanisms impacted by different forms and interactions between adverse childhood experiences.
Introduction
Child abuse, neglect and unusually stressful or traumatic rearing conditions are common pediatric health problems with a majority of Americans having experienced at least one of these kinds of adverse childhood experiences (ACE) (CDC, 2010; Flaherty et al., 2009) . While it has long been known that behavioral problems in children can result from maltreatment and/or deprivation (Rutter et al., 1999) , our understanding of these experiences as key determinants of adult health has been a fairly recent topic of neurobiological, clinical, and epidemiological investigation Chambers, 2017; Flaherty et al., 2006) .
Since the mid 1900s, animal and human studies have provided increasing evidence that experiencing especially high or sustained levels of psychosocial stress, primary attachment deprivation and/or maltreatment in childhood severely impacts adult behavior (Bowlby, 1984; Bruskas & Tessin, 2013; Harlow, 1962; Sheridan & McLaughlin, 2014; Sullivan, 2017) . Neuroscience has identified many brain systems impacted by adverse experiences, including those involved in stress responsivity and social interaction, suggesting that these experiences are developmentally neurotoxic, producing long-lasting changes in brain architecture and function, contributing to adult psychiatric syndromes (Benedetti et al., 2012 Heim, Shugart, Craighead, & Nemeroff, 2010; Teicher, Anderson, & Polcari, 2012) . When occurring at high levels, and in the absence of resilience factors, early adverse experiences can damage later parental attachment, nurturing, and protective behaviors, producing transgenerational cycles of trauma-spectrum neuropsychiatric illness (Chung et al., 2009; Logan-Greene, Green, Nurius, & Longhi, 2014; Stamoulis, Vanderwert, Zeanah, Fox, & Nelson, 2017) . Thus, children growing up in families with high ACE exposure levels can expect to have much higher rates of psychiatric (Gould et al., 1994; Van Niel, Pachter, Wade, Felitti, & Stein, 2014) , addictive (Anda, 1999; Cavanaugh, Petras, & Martins, 2015; McCauley et al., 1997) and medical diseases (Felitti, 1991 (Felitti, , 1993 Springs & Friedrich, 1992 ) that impair parental skills needed for protecting offspring from these same illness-risks.
The Adverse Childhood Experience Questionnaire (ACE-Q) is a brief rating scale designed and first published by Felitti et al. , that has provided substantial epidemiological evidence concerning the link between adverse childhood experiences and adult mental and physical illnesses (Felitti et al., 1998) . This paper reviews the literature published prior to 2016 showing how the ACE-Q has helped characterize exposure to ACEs as a core public health challenge of remarkable scope in terms of the diversity and severity of adult brain and body diseases that ACEs link with. A search of OVID/PubMed English language articles containing the phrase "Adverse Childhood Experiences" in which the ACE-Q was utilized for data collection or analysis was conducted, followed by a manual search of bibliographies. This resulted in 134 articles of which 44 were based on the original population of the first ACE-Q study (Felitti et al., 1998) and 90 on other populations. We overview the breadth of mental health, substance disorders, and medical conditions that high ACE-Q scores are linked with, while highlighting the diverse populations and more specific scientific applications the ACE-Q instrument has been implemented for. We conclude with a discussion of the overall contributions, strengths, and weaknesses of the ACE-Q, and how the ACE-Q literature may be integrated with, and interpreted in light of the emerging neuroscience characterizing causal neurodevelopmental interlinkages between ACEs, adult age mental illness, addictions and ultimately, a wide scope of multi-organ diseases. Finally, we consider how this literature can inform future directions and applications needed for advancing behavioral healthcare and research as a core component of public health.
Origins and attributes of the ACE-Q
Physicians at a large American Health Care consortium, Kaiser Permanente, developed the ACE-Q from several previously researched assessment tools. The 10-item questionnaire checks for the subject's recall of pre-age 19 exposure to psychological, physical, and sexual abuse as well as household dysfunction including domestic violence, substance use, and incarceration ( Figure 1 ). In 1996, surveys assessing current medical symptoms and past adverse experience were sent to 13,494 Kaiser patients resulting in a 70.5% response sample with a mean age of 56.1 years that was 79.4% white and 43% college educated. It was from this sample that the seminal ACE-Q study was published (Felitti et al., 1998) showing that increased ACE scores corresponded to greater degrees of adult illness burden. Notably, this predictive relationship was found based on the increased number of different types of adverse experiences a person was exposed to, and not by the severity of any one kind of adverse childhood event (which the ACE-Q is not designed to quantify). This is a defining aspect of the ACE-Q, and also its major strength and core weakness: it is a relatively rapid tool for quantifying overall degree of convergence of different ACEs and contexts onto one individual, but it does not measure the degree, duration, severity, timing, or quality of each of these ACE components for the individual.
Prior to the Felitti 1998 study, different forms of child maltreatment were mainly studied independently with little attention to their co-occurrence or the impact of other household factors on outcomes . But since then, several studies have examined the interrelatedness of various forms of abuse (Edwards, Holden, Felitti, & Anda, 2003; Flaherty et al., 2009; Thompson et al., 2014) . A study of 8,629 survey respondents showed that more than 81% who reported experiencing one type of maltreatment also reported at least one other type of adverse experience . The increased risk of experiencing at least one other event has been found looking specifically at childhood sexual trauma Easton, 2012) and witnessing domestic violence . This clustering of different types of abuse, neglect, or adverse contexts highlights the importance of considering the effects of multiple adverse childhood experiences in research and practice (Anda, 1999; Van Niel et al., 2014) .
There are several other notable self-report abuse screening questionnaires (e.g. the Child Abuse and Trauma Scale, the parent to child Conflict Tactics Scale, the Childhood Trauma Questionnaire, Traumatic Experience Checklist, and the Childhood Experiences Scale (Bernstein, Ahluvalia, Pogge, & Handelsman, 1997; Nijenhuis, Van der Hart, & Kruger, 2002; Sanders & Becker-Lausen, 1995; Straus, 1998; Zanarini, 2000) ). However, the ACE-Q has been uniquely productive in revealing a strong "dose-response" relationship where greater convergence of different forms of ACEs lead to increasingly poor adult health spanning many major behavioral and medical diseases (Felitti et al., 1998; Hughes et al., 2017) .
Since its introduction in 1998, the ACE-Q has been used in research to assess a diverse set of subpopulations throughout the United States, Europe, and Asia (Matsuura, Hashimoto, & Toichi, 2009; Ramiro, Madrid, & Brown, 2010) . Validation studies suggest that ACE-Q scoring remains strong as a predictive measure despite potential distortion due to historical self-reporting-memory artifacts Hardt, Vellaisamy, & Schoon, 2010) . Within a population sample, the scale can characterize different overall scores or rates of different adverse experiences in different demographic subgroups. For instance, the ACE-Q has shown higher rates of adverse early experiences in gay, lesbian, and bisexual vs. heterosexual populations (Andersen & Blosnich, 2013) . Women also report higher numbers of overall adverse childhood (Felitti et al., 1998) .
experiences on the ACE-Q, including the specific category of sexual abuse, although several studies have shown that the two genders suffer similar rates of exposure to physical abuse (R.F. Anda, 1999; Dube et al., 2001 Dube et al., , 2005 Dube et al., , 2006 Edwards, Anda, Gu, Dube, & Felitti, 2007) .
Utilization of the ACE-Q as a tool for intervention-outcomes research has also been an application of growing interest, e.g. for measuring how social work interventions may ameliorate the longterm consequences of adverse childhood experiences (Larkin, Felitti, & Anda, 2014) . Other studies have examined how the sensitivity and/or specificity of the ACE-Q to particular long-term health outcomes might be augmented with additional queries, e.g., that examine peer rejection or victimization, community violence exposure, school performance, and socioeconomic status (Finkelhor, Shattuck, Turner, & Hamby, 2013) . The public health relevance and versatility of research applications of the ACE-Q, are reflected by the adaptation of ACE questions into the CDC's behavioral risk factor surveillance system, the largest ongoing health survey in the world, and its use by many state health departments in the U.S. (CDC, 2010; Ye & Reyes-Salvail, 2014 ).
1.2. The ACE-Q as a core risk measure of premature illness and death
The following sections will outline the literature demonstrating the relationships between adverse childhood experiences measured by the ACE-Q, and long-term adult health outcomes spanning 1) mental health; 2) substance use disorders; and 3) general medical/somatic conditions. It is important to keep in mind that this evidence indicates that the convergence of several different categories of adverse experiences most strongly conveys adult illness risk, while at the same time, studies spanning different populations and nationalities have consistently shown that the majorities of all adults (52%-75%) score one or higher on the ACE-Q (Anda, 1999; CDC, 2010; Dube et al., , 2006 Edwards et al., 2007; Ford et al., 2011; Ramiro et al., 2010; Rothman, Bernstein, & Strunin, 2010) . It is a 5%-10% minority of the general population who carry an ACE-Q score of 4 plus, where the general long-term health consequences become most pronounced (Felitti et al., 1998; Hughes et al., 2017) .
The ACE-Q and mental health

General mental health indicators
A graded dose-response association has been found between ACE-Q score and relationship problems, emotional distress, worker performance, financial problems, current family problems, high stress, and inability to control anger Hillis et al., 2004; Nurius, LoganGreene, & Green, 2012; Ramiro et al., 2010) . High ACE scores also predict risk for homelessness which is especially prevalent in individuals with comorbid substance use disorders and mental illness (Montgomery, Cutuli, Evans-Chase, Treglia, & Culhane, 2013; Patterson, Moniruzzaman, & Somers, 2014; Wu, Schairer, Dellor, & Grella, 2010) . Findings also suggest that people cannot merely "age out" of the mental health effects of ACEs; adults over the age of 65 with higher ACEs have increased odds of mood and personality disorders (Raposo, Mackenzie, Henriksen, & Afifi, 2014) . However, the effects of different ACEs may be modifiable by interventions that can support better health behaviors, and increased quality of life measures (Whitaker et al., 2014) .
Positive relationships between ACE-Q scores and risk of psychiatric illness have also been identified in terms of being prescribed a diversity of psychiatric medications. A study of 15,000 adults prospectively examined over 7 years, showed that prescription rates for psychotropic medications increased yearly and in a graded fashion as the ACE score increased . A score above 5 was associated with an increased likelihood of being prescribed antidepressant, anxiolytic, antipsychotic, or mood-stabilizing medications. The strength of this relationship was not substantially changed even when the history of mental illness in the home was excluded from the ACE score. A separate study showed that in females with obsessive-compulsive disorder, being on psychotropic medications was associated with higher ACE scores compared to un-medicated patients .
Depression
The risk for depression increases in a dose-response fashion with ACE-Q scores, and history of childhood exposure to emotional abuse may especially accentuate this effect Chapman et al., 2004; Edwards et al., 2003; Lu, Mueser, Rosenberg, & Jankowski, 2008; Ramiro et al., 2010) . While some studies have not identified a statistically significant dose-response relationship, a categorical link between depression or components of depression (e.g. hopelessness or suicidal ideation) and elevated ACE-Q scores has been shown in women (Corcoran, Gallagher, Keeley, Arensman, & Perry, 2006; Haatainen et al., 2003; Honkalampi et al., 2005) and other special populations including impoverished women seeking prenatal care (Chung, Mathew, Elo, Coyne, & Culhane, 2008) , Native Americans over 50 years old (Roh et al., 2015) , Native Americans with family histories of forced relocations (Bombay, Matheson, & Anisman, 2011) , active duty soldiers (Gahm, Lucenko, Retzlaff, & Fukuda, 2007) , and female Japanese prisoners (Matsuura et al., 2009 ).
The association between ACEs and depression is detectable across adult ages including elderly samples (Ege, Messias, Thapa, & Krain, 2015) allowing cohort studies to examine the potential influence of growing up in specific social, historical, or cultural eras on the predictive link between ACE-Q and depression. A study of four birth cohorts: 1900-31, 1932-46, 1947-61, and 1962-78 , found a similar positive correlation between ACE-Q score and depression risk in all four cohorts . The intergenerational effects of ACEs to increase depression risk has been shown in a sample of 143 Native Americans, in which 67 of subjects had parents that were forced to attend Indian Residential Schools, where many individuals experienced neglect, abuse, and the trauma of separation from families and culture (Bombay et al., 2011) . In this study, ACE-Q scores were higher in the offspring of those who attended the Schools, and were correlated with more depressive symptoms.
Post-traumatic stress disorder (PTSD)
Exposure to higher levels of ACEs predisposes to onset and greater severities of PTSD (Swopes, Simonet, Jaffe, Tett, & Davis, 2013; Yehuda, 2001) , and witnessing interpersonal violence (IPV) may especially generate this risk (Lamers-Winkelman, Willemen, & Visser, 2012) . In a sample of adult victims of IPV, in which 75% met criteria for PTSD, the median ACE-Q score was 3.5, with a third having a score of 5 or more, and 18% reporting a score of 7 (Corbin et al., 2013) . In a general population study in which 18% of the sample reported having child autobiographical memory disturbance (CAMD), where they are unable to recount large portions of their childhood presumably because of traumatic experiences, there was a strong graded correlation between ACE-Q score and risk of CAMD that was consistent across four birth cohorts .
In active duty soldiers, both ACE-Q score and history of being deployed to a combat zone correlated with increased risk for positive PTSD screening (Gahm et al., 2007) . ACEs also increase the likelihood of suffering with any mental illness and homelessness in military veterans (Montgomery et al., 2013) . Interestingly, volunteers for military experience (as compared to conscripts) appear to have higher overall ACE-Q scores, suggesting that voluntary enlistment could represent an escape from a dysfunctional home life (Blosnich, Dichter, Cerulli, Batten, & Bossarte, 2014) , which could set up for greater biological risk for acquiring PTSD.
Surprisingly, and reflecting a major gap in the ACE-Q literature, research on the association between ACE-Q scores, and risk of trauma-spectrum personality disorders (e.g. borderline personality) is lacking although childhood sexual, emotional, and physical abuse are well-known risk factors for developing borderline psychopathology (Zanarini, 2000) .
Psychosis
Although studies have suggested a causal link between experiencing childhood sexual abuse and developing adult psychosis (e.g. (Bebbington et al., 2011) ) little research has been done using the ACE-Q in patients with psychotic spectrum disorders. However, in the initial ACE cohort, 2% of the sample reported ever having a hallucination, and for each ACE-Q point the risk of ever hallucinating increased by 1.2-2.5 fold in a dose-response manner; those with 7 or more ACEs had a 5-fold increase in risk of reporting hallucinations . This relationship was found independent of a history of substance abuse.
3. The ACE-Q and substance use disorders
Nicotine
Multiple studies have shown a relationship between ACE score and smoking (Anda, 1999; Bellis, Lowey, Leckenby, Hughes, & Harrison, 2014; Edwards et al., 2007; Ford et al., 2011; Fuller-Thomson, Filippelli, & Lue-Crisostomo, 2013; Ramiro et al., 2010; Sacco et al., 2007; Vander Weg, 2011; Walsh & Cawthon, 2014; Wu et al., 2010; Yeoman, Safranek, Buss, Cadwell, & Mannino, 2013) . Exposure to any category of ACE shows a graded relationship with ever smoking, heavy smoking, and early smoking initiation (Anda, 1999; Ramiro et al., 2010) . These associations appeared to strengthen in samples who grew up after the surgeon general's warning on smoking, suggesting that ACEs confer vulnerability to nicotine addiction that is relatively impervious to antismoking social pressures and educational initiatives (Anda, 1999) .
Exposure to each category of ACE significantly increases the risk of lifetime and current cigarette use, such that likelihood of smoking increases by 20-30% for each increase in ACE-Q score . A different population showed similar findings, with higher ACE-Q scores in current vs. former smokers suggesting that ACEs confer increased difficulty in smoking cessation (Vander Weg, 2011) . This relationship holds true even when controlling for socioeconomic status (Ford et al., 2011) . Increasing ACE-Q score is also associated not only with lower cessation rates in people with serious health problems due to smoking, but also increased the risk of having more smoking-induced medical diseases . When examining smoking rates in patients with mental illness, several ACE categories, including histories of verbal, physical, and sexual abuse all increase the likelihood of smoking (Sacco et al., 2007) . Increasing ACE-Q scores were also ordered according to degree of dual diagnosis comorbidity: Mentally ill smokers demonstrated the highest mean ACE-Q scores, followed by mentally ill non-smokers, well smokers, and well, non-smokers, suggesting that ACEs produce independent and compounding effects on risk of both mental illness and addiction (Sacco et al., 2007) . As with mental illness, female gender may also modulate the degree to which ACEs associate with smoking .
Alcohol
Based on the original ACE-Q data set, each ACE type, except physical neglect, was associated with a 1.6-to 2.4-fold increased likelihood of drinking alcohol (Dube et al., 2006) . This finding was consistent across several birth cohorts and is replicated by later studies (Ramiro et al., 2010; Young, Hansen, Gibson, & Ryan, 2006) . Bellis et al. found that those with ACE scores greater than four were 3.72 times as likely to be heavy drinkers .
As with smoking, ACE-Q score varies inversely with age of drinking initiation, and multiple ACE categories are associated with an increased likelihood of starting drinking during early adolescence rather than adulthood (Dube et al., 2006; Rothman et al., 2010; Rothman, Edwards, Heeren, & Hingson, 2008) .
Several studies have investigated how parental alcohol use affected an individual's use of alcohol and the connection between parental alcohol use and ACE score, suggesting that alcohol use disorders in parents facilitate the transgenerational flow of elevated ACE-Q across multiple categories Clarke-Walper, Riviere, & Wilk, 2014; Xiao, Dong, Yao, Li, & Ye, 2008) . A combination of elevated ACE scores ≥4 and a history of parental alcohol misuse produces the highest risk of heavy and problem drinking . Similarly, in a veteran sample, having an alcoholic in the household and experiencing sexual abuse specifically appears to compound the risk of alcohol misuse (Clarke-Walper et al., 2014) .
Illicit drug use
As with nicotine and alcohol, the original Kaiser sample and Philippine data (Ramiro et al., 2010) indicate that the odds of illicit drug use and addiction increases with the number of positive ACE categories. Moreover, higher ACE-Q predicts earlier initiation of illicit drug use . Higher ACE scores also appear to elevate the risk not only of drug addiction, but the adverse psychiatric consequences associated with drug use: Among methamphetamine users, those with three or more ACEs compared to those with none were 4.5 times more likely to have a history of psychosis (Ding, Lin, Zhou, Yan, & He, 2014) . In female prisoners, the increased ACE score was associated with increased levels of drug use and suicidal ideation (Friestad, AseBente, & Kjelsberg, 2014) .
4. The ACE-Q and non-specific neuropsychiatric symptoms and behaviors
Suicide
General and specific population studies have shown that ACE score correlates with both suicidal ideation and attempts (Corcoran et al., 2006; De Ravello, Abeita, & Brown, 2008; Friestad et al., 2014) . In the initial ACE study cohort, while 3.8% reported ever having attempted suicide, the risk of attempt during childhood or adolescence increased in a dose-response manner from OR 1.4 for ACE score of 1 to OR 50.7 for ACE score of 7 or more, with the risk increasing by about 60% for each increased ACE score (Dube et al., 2001) . A similar association was found when the sample was analyzed for the risk of suicide attempt during adulthood, demonstrating the persistent effects of ACEs through adulthood. Adjustment for illicit drug use, alcoholism, and depressed affect reduced the strength of the relationship, but still found a significant correlation (Dube et al., 2001 ).
Aggression, victimhood, and perpetration
A study assessing just the areas of physical abuse, sexual abuse, and having a battered mother showed that the odds of being a female victim of intimate partner violence (IPV), or being a male perpetrator of IPV, increased in a graded fashion based on the ACE-Q scores 1, 2, or 3 for the above items (Whitfield, Anda, Dube, & Felitti, 2003) . In female Japanese juvenile detainees, a higher ACE score correlated with higher levels of measured aggression (Matsuura et al., 2009) . Dutch youth who witnessed IPV against their mothers had a higher risk of other ACE categories, with 20% of this population having ACE scores ≥7 (Lamers-Winkelman et al., 2012) . In an incarcerated American Indian/Alaskan Native sample, ACE exposure increased the risk of being involved in IPV in adulthood and committing violent offenses (De Ravello et al., 2008) . A more general sample of offenders, including nonsexual child abusers, sexual offenders, and domestic violence perpetrators, had four times as many ACEs as controls (Reavis, Looman, Franco, & Rojas, 2013) . Notably, aggression is also linked to other mental health problems; among IPV aggressors, higher ACEs, PTSD, and aggression are all interrelated (Swopes et al., 2013) .
Pain
Pain has a prominent relationship with mood and other medical conditions. In a group of 416 psychiatric inpatients, of which 31% reported substantial pain, the subjective report of pain intensity was significantly related to higher ACE scores among both women and men (Greggersen et al., 2010) . In women, a diagnosis of PTSD further contributed to more reporting of substantial pain (Greggersen et al., 2010) . Back pain and chronic pain in general was also associated with having higher ACE scores (McCall-Hosenfeld, Winter, Heeren, & Liebschutz, 2014; Ramiro et al., 2010) as are headaches (R. Anda, Tietjen, Schulman, Felitti, & Croft, 2010; Ramiro et al., 2010) . Within the headache spectrum, migraines as opposed to tension headaches are more tightly linked to elevated ACEs (Tietjen et al., 2015) , also in association with elevations of general serum inflammatory biomarkers such as C-reactive protein (Tietjen, Khubchandani, Herial, & Shah, 2012) .
Insomnia
Sleep disturbances are associated with a wide range of medical and psychiatric diseases and poor health outcomes. In a 2011 survey, in which 33% of adults self-reported poor sleep, 8 ACE categories were associated with sleep disturbances, and the odds of having sleep disturbances increased in a dose-response manner with higher ACE scores (Chapman et al., 2011; Ramiro et al., 2010) . A replication of this finding also suggests linkages between smoking, frequent mental distress and sleep disturbances in adults with high ACE scores . In a sample of patients diagnosed with primary insomnia monitored for a week with nocturnal wrist actigraphs, higher ACE scores was a predictor of problems with sleep onset latency, sleep efficiency, and increased nocturnal body movements (Bader et al., 2007) .
Sexually transmitted diseases (STDs), sexual risk behaviors & unintended pregnancy
A study of 9,328 survey respondents found a strong, graded relationship between ACE scores and self-reported history of STDs (Hillis, Anda, Felitti, Nordenberg, & Marchbanks, 2000) . This association was replicated across four birth cohorts (spanning 1900 to 1978) , where the odds of having a STD history increased at least 1.5 times with each unit increase in ACE score .
In terms of high risk sexual behavior more generally, a study of 5,060 female survey respondents found the relative risk of having intercourse before age 15, perceiving oneself as being at risk for AIDS, and reporting 30 or more lifetime sexual partners was significantly increased by several ACE categories and total ACE score (Hillis, Anda, Felitti, & Marchbanks, 2001 ). Again, the four birth cohort study by Dube et al., found that elevated ACEs produced increased likelihoods of having >30 lifetime sexual partners .
As a reflection of early sexual activity and unprotected sex, higher ACE-Q scores are also associated with greater risk of adolescent pregnancy, or becoming a biological father in adolescence Hillis et al., 2004; Zapata et al., 2011) . These associations are detectable in European and U.S. samples with elevations in ACE ≥1 and as a graded increase in pregnancy risk with greater ACE scores (Hillis et al., 2004; Zapata et al., 2011) . In young men, higher ACE scores are also correlated in a graded relationship with the risk of impregnating an adolescent girl so that ACE-Q ≥5 more than doubles this risk . In an earlier study, the risk that a boy would impregnate an adolescent girl was strongly linked to the ACE-Q components of the boy having witnessing maternal battery and/or experiencing physical and sexual abuse; this led to the recommendation that ACE-Qs should be used with men in primary care to better target patients who should be counseled on contraception and sexual risk behavior ).
Adverse childhood experiences have also been shown to affect risk of unintended pregnancies (Dietz et al., 1999) , premature delivery (Christiaens, Hegadoren, & Olson, 2015 ; Leeners, Rath, Block, Gorres, & Tschudin, 2014), high-risk behaviors during pregnancy (Chung et al., 2010) , and risk of fetal demise (Hillis et al., 2004) . A survey of 1,476 women in a federally qualified health center encountered at a prenatal visit, and at 3 and 11 months postpartum, found that exposure to several ACE-Q categories and scores ≥2 were associated with higher rates of smoking, alcohol, and illicit drug use during pregnancy (Chung et al., 2010) . Exposure to childhood sexual abuse carried the highest rates of risky behavior during pregnancy. Another study of 1,193 adult females with ACE-Q scores ≥4 were 1.5 times more likely to experience an unintended pregnancy, which is linked with maternal complications and poorer infant outcomes (Dietz et al., 1999) . A sample of 9,159 women indicated that the risk of fetal demise in adolescent pregnancy is more closely to elevated ACE-Q scores in that age group, than from the biophysical risks associated purely with childbirth at this age (Hillis et al., 2004) .
Recent Investigations have begun to characterize some of the complex neuropsychiatric and biomarker correlates of ACE exposures in expecting parents. Pregnant women with histories of childhood sexual abuse (detected by ACE-Q) and poorer perceived family functioning, show increased salivary cortisol-awakening levels (Bublitz, Parade, & Stroud, 2014) . Pregnant women with ACE scores ≥1 also experience higher pain intensities and larger pain distributions (across body regions) in late pregnancy, which are premorbid risk factors for postpartum chronic pain syndromes (Drevin et al., 2015) . In expecting fathers, greater ACE scores are associated with increased depression and anxiety during multiple time points of the expecting mother's pregnancy (Skjothaug, Smith, Wentzel-Larsen, & Moe, 2015) .
The ACE-Q and general health/somatic diseases
General health indicators
Higher ACE scores correlate with several poor general health-status indicators in children (Burke, Hellman, Scott, Weems, & Carrion, 2011; Wing, Gjelsvik, Nocera, & McQuaid, 2015) and adults, including increased use of prescription medications , lower quality of life measures (Corso, Edwards, Fang, & Mercy, 2008) , lower self-appraisal of general health (Mostoufi et al., 2013) , physical disability (Schussler-Fiorenza Rose, Xie, & Stineman, 2014) and increased risk of premature death ). Higher ACE scores are also associated with less specific indicators of poor health including measures of mobility, homelessness, and unemployment Dube, Cook, & Edwards, 2010; Liu et al., 2013; Patterson et al., 2014) . Frequently moving to new homes and neighborhoods (e.g. moving more than 8 times prior to the age of 18), are associated with higher ACE scores and a range of health risk behaviors .
Poor diet, low exercise, and various indicators of allostatic load (exposure to experiences that produce physiological wear-and-tear) are also associated with elevated ACE scores (Barboza Solis et al., 2015; Bellis, Hughes, Leckenby, Perkins, & Lowey, 2014) . Using a modified version of the ACE-Q international questionnaire (ACE-IQ) in a Saudi Arabian study, ACE scores ≥4 were associated with 2 to 11 fold increased the risk for chronic medical diseases and poor health behaviors (Almuneef, Qayad, Aleissa, & Albuhairan, 2014) . Unsurprisingly, these data go along with increased ACEs predicting earlier mortality. In a sample of 17,337 adults followed prospectively for a decade (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , respondents with ACE scores ≥6 were 2.4 times more likely to die when aged ≤65 and 1.7 times more likely to die when aged ≤75 ). This effect also seems to run in families, as respondents with an ACE score ≥4 were 1.8 times more likely to report a family member who died before age 65 ).
Obesity
A study of 13,177 respondents showed that multiple ACE categories are associated with increased weight during adulthood even after adjustment for demographic covariates, smoking, physical activity, and alcohol consumption (Williamson, Thompson, Anda, Dietz, & Felitti, 2002) . This study showed that an ACE-Q >4 produces relative risks of 1.22 of having a BMI ≥30 (obesity) and 1.8 of having a BMI ≥40 (severe obesity). A replication showed that ACE scores ≥4 increases the risk of morbid obesity by 3-fold .
Autoimmune and gastro-intestinal diseases
In the original ACE cohort, there was an increased chance of being hospitalized for any of 21 autoimmune diseases as assessed via 7-year follow-up of women with ACE scores ≥3 . In a Filipino sample, an ACE score ≥4 was associated with an odds ratio of 1.5 for selfreported diabetes (Ramiro et al., 2010) .
In a sample of 17,337 respondents in which 6.8% reported having a history of liver disease, an ACE score ≥6 was associated with an elevated risk of engaging in multiple behaviors that are major risk factors for liver disease . After controlling for those behaviors, elevated ACE scores still produced an odds ratio of 1.8 for having liver disease. A Filipino study showed similar findings (Ramiro et al., 2010) .
Pulmonary disease
In a sample of 15,472 from the original ACE study, ACE-Q ≥5 produced an odds ratio of 2.1 for selfreported chronic obstructive pulmonary disease (COPD), even after adjusting for diabetes, obesity, smoking, and demographics; this risk increased in a dose-response manner with increasing ACE-Q score . Suggesting a gender bias in this risk, an ACE-Q ≥6 in women (but not men; N > 19,000 in both groups) that involved childhood exposure to verbal abuse, sexual abuse, living with a substance using household member, witnessing domestic violence, and parental separation/divorce, produced an increased likelihood for COPD (Cunningham et al., 2014) .
Cardiovascular disease
Higher ACE-Q scores are correlated with cardiovascular disease risk generally, even as early as young adulthood with respect to hypertension (Su et al., 2014 (Su et al., , 2015 . In a study of 17,337 patients in which 10.6% self-reported ischemic heart disease (IHD), there was a dose-dependent relationship between IHD risk and ACE scores and significant predictive relationship between most of the ACE items and IHD risk . The adjusted odds of having IHD for subjects with ACE-Q ≥7 was 3.6. Interestingly, this study also suggested that psychiatric risk factors for IHD (e.g. depression, anger problems) were stronger mediators of the predictive relationship between ACE score and IHD compared to the more traditional risk factors (smoking, obesity, physical inactivity, diabetes, hypertension) . In replication of these findings, a Filipino survey showed the ORs of having self-reported IHD, hypertension, and stroke for respondents with ACE score ≥4 were 3.5, 1.6, and 1.2, respectively (Ramiro et al., 2010) . Suggesting a connection between cardiovascular health, stress response physiology, and the pathogenesis of trauma-spectrum mental disorders, a study of young healthy adult women, showed that elevated ACE scores are associated with blunted corticosteroid and heart rate reactivity to psychological stress (Voellmin et al., 2015) .
Cancer
As would be expected from associations between elevated ACE scores and health behaviors that contribute to higher risk of cancer (e.g. nicotine addiction), elevated ACE scores are associated with increased risk of cancer and worse outcomes including earlier death due to lung cancer . The risk of cancer due to ACEs does generalize to cancers beyond those involving lung tissue (Brown, Thacker, & Cohen, 2013; Felitti et al., 1998; Fuller-Thomson & Brennenstuhl, 2009; Holman et al., 2016) and are likely mediated in part (e.g. as with smoking) through high risk psychiatric and/or addiction-related behaviors. However, cancer risk in those with higher ACE scores may not be completely mediated by high-risk behaviors, e.g., childhood physical abuse is associated with significantly increased lung cancer risk, even when adjusted for smoking (FullerThomson & Brennenstuhl, 2009 ). Furthermore, the adverse experience itself can be a risk factor for cancer, as is the case in women with higher ACE scores involving childhood sexual abuse who have increased the risk of developing invasive cervical cancer (Coker, Hopenhayn, DeSimone, Bush, & Crofford, 2009 ).
Discussion
Over two decades since the development and first use of the ACE-Q in a large population study, research using the ACE-Q and its variants has repeatedly demonstrated a linkage between ACEs and increased risk of acquiring a wide range of psychiatric disorders, addictions, and medical (multi-organ) illnesses in adulthood that ultimately involve high-cost medical care and premature death Mokdad, Marks, Stroup, & Gerberding, 2004; Wilkes, Guyn, Li, Lu, & Cawthorpe, 2012) . This literature supports the original assertion by Felitti that "adverse childhood experiences have a profound effect half a century later…transmutated from psychosocial experience into organic disease" (Felitti, 2002) . The impact of early adverse experiences on damaging the expression of healthy parenting behavior and capacity for supporting secure rearing environments -which perpetuates the inter-generational transmission of multi-illness comorbidities associated with adverse childhood experiences-is also consistently evident in this literature (Holman et al., 2016; Hughes et al., 2017; Skjothaug et al., 2015) .
The astounding scope of brain and body diseases that associates with high ACE-Q scores begs two key questions that relate to the instrument's strength and weakness as a measure of a confluence of multiple types of ACEs onto an individual. First, to the extent that a confluence of ACEs is a root cause of such an incredible scope of secondary diseases, by what shared pathological mechanisms and/or developmental pathways could this occur? Second, and on the other hand, could such a diversity of secondary brain and body disease outcomes, merely reflect the non-specificity of the ACE-Q in capturing so many (and an increasing number) of genetic and environmental risk factors as ACE-Q scores increase? Next, we consider both of these as potentially concurrently true perspectives that are each important to understanding how this literature should be interpreted, applied and built upon.
Broad Implications and Theory Building: Extrapolating from Associations to Causality as Informed by Developmental Neuroscience of Trauma, Mental Illness, and Addiction
The causal connections between various forms of childhood trauma and deprivation and a wide spectrum of adult diseases are undoubtedly complex and likely involve multiple pathways. However, a wealth of animal modeling and human data suggests that the neurotoxic effects of neglect, abuse and attachment failure during childhood and adolescence-on neuroplasticity, neurogenesis, neurohormonal and neuroimmunological regulation of brain circuits that regulate emotion and motivation-biologically underpins both mental illness and addiction vulnerability (Chambers, 2017; Chambers, 2013b; Chambers, Taylor, & Potenza, 2003; Korosi et al., 2012; Oomen et al., 2010; Rothman et al., 2010; Teicher, Samson, Anderson, & Ohashi, 2016) . At the heart of this evidence is a rapidly growing body of research revealing that early abuse and neglect negatively impacts the long-term function and development of both the 1) immune system, as it operates in both the brain and the body (Danese & Lewis, 2017) and the 2) neurohormonal system, inclusive of both stress and social-affiliative response systems (Heim et al., 2009; Pervanidou et al., 2007) . Such an impact on just these 2 systems provides broad explanatory power in understanding how ACEs lead to such a wide array of adult co-morbidities: The immune and neurohormonal systems (inclusive of the Hypothalamic-Pitutary-Adrenal Axis) not only have key roles within both brain and multiple body organs, but they each determine how brain and body systems interact with each other, and in response to a wide array of external (environmental/biological) threats. Thus, adaptation to adverse experiences in childhood can be viewed as a multi-organ insult that can exact a price on brain and body health that becomes more broadly clinically evident with age. In terms of brain function, this cost may be reflected as impaired capacities for making healthy motivational and social decisions in the face of significant psychosocial stressors and change (Chambers, 2013b; Chambers & Wallingford, 2017) . Thus, many genes and cellular systems that mediate both immune function and stress responses are also expressed in the brain as mediators of neuronal function and plasticity, especially in cognitive and motivational circuits the are disordered in mental illness and addiction (Blank & Prinz, 2013; Chambers et al., 2013) . Similarly, throughout body organs, the cost of early ACEs may be exacted not only as a reflection of how brain and behavioral problems pose significant secondary risks to the health of the body (e.g. via injuries), but in terms of ACE-induced impairments in fighting off infections and cancer, and increased vulnerability to autoimmune diseases (Miller, Chen, & Parker, 2011; O'Mahony et al., 2009) .
Together with the ACEs literature reviewed here, this broad-based neuroscientific evidence suggests the existence of a general causal chain and unfolding comorbidity pathway that courses up through the lifespan in four stages from (1) the social-emotional experiences of the child, to (2) the impact of these experiences on the biology and development of the brain up through adolescence, to (3) the emergence of psychiatric and substance use disorders and impulsive behaviors of young adulthood, culminating in (4) an increasingly wide range and worsening severity of toxicological damage and injuries to the brain and body organs that accumulate secondary to the underlying mental illness and addictive disorders. As suggested in Figure 2 , which summarizes this brain-body pathogenesis in a visual-conceptual format, the ACEs-induced pathway of complex comorbidities can be conceptualized as "bugle shaped". That is, the brain-body pathogenesis not only broadens in terms of the individual acquiring an increasingly complex array of illness comorbidities with age, but it is trans-generationally renewed and reinforced downward to the offspring. So, due to mental illnesses and addictions that resulted in part from adverse rearing conditions experienced in Stage 1, reproductively active adults in Stages 2 and 3 show deficits in parenting, protection, and attachment formation with respect to their own children.
Limitations and shortfalls of the ACE-Q
A key limitation of both the ACE-Q instrument (Figure 1 ) and the bugle-shaped comorbidity pathway hypothesis drawn from the ACEs literature (Figure 2 ) is that they do not separate out, or comparatively quantify the different contributions of genetic, individual traumatic experiences (e.g. child sexual abuse vs. physical abuse), or general environmental circumstances (e.g. poverty, premature death of parental figures) that contribute to the overall causal pathway Lipina & Posner, 2012) . Indeed, an examination of individual questions in the ACE-Q (see Figure 1 ) quickly reveals that many of the items are confounded by, or bundled together with multiple forms of quite different kinds and sources of adverse childhood exposures. For example, item 5 actually has two questions, either of which could be true to earn a single point, but with the first part talking about recalling lack of enough food and shelter, and the second part, asking about the recall of parents being negligent due to intoxication. Thus, while the ACE-Q scale is sensitive to recall of neglect broadly speaking, it sacrifices an ability to specify the form of neglect, its root causes (e.g. whether it arises from simple poverty or from the parents having genetic loading for addictions or either or both) or the overall developmental timing, and duration of these stressors. Moreover, a significant component of early developmental neuropsychiatric injury may result from exposure of fetal brains to nicotine, alcohol, opioids and many other addictive drugs, and/or psychiatric treatment medications (Behnke, Smith, Committee on Substance, Committee on, & Newborn, 2013; Pearlstein, 2013) , which are all more likely to be prevalent in pre-partum women with high ACE scores, and which also can also raise the risk of peri-partum complications that impact newborn brain health.
More research using alternative or more advanced adverse experience rating instruments (e.g. as informed by the ACE-Q) and concurrent genetic testing approaches in populations assayed with the ACE-Q, are needed to separate out more fine-structural contributions of various genotypes and ecophenotypic pathways (Teicher & Samson, 2013) on overall adult behavioral phenotypes. This area of research holds potential for revealing a number of complex relationships between genetics and early life experiences that determine resilience, including the possibility that some genes may actually promote better brain function conditional on the individual having had adverse child experiences (Chung et al., 2008; Douglas et al., 2011; Hillis et al., 2010; Southwick & Charney, 2012) . Further studies using more precise instruments than what the ACE-Q screens for, are also needed to understand how the developmental timing of adverse contexts or events, and the dose or duration of more specific ACE categories may interact with other ACEs in contributing to the bugle-shaped comorbidities pathway (Figure 2) . This work, which should span both animal modeling and human observational studies should also examine how neurodevelopmentally impactful events that are not directly captured on the ACE-Q scale (e.g. traumatic brain injury; in utero exposure to psychoactive substances) pathologically synergize with ACE-Q items. Finally, although the ACE-Q has been applied to studying (and has been found to show strong correlations) with a wide array of psychiatric and medical conditions, its application to understanding the more narrow set of mental health conditions that are otherwise well known to be related to traumatic experiences and problems with attachment (e.g. borderline personality) are surprisingly lacking. Future studies should do more to examine ACE-Q data in light of other attachments experiences, biomarkers, and key clinical features of the major personality disorders.
Moving beyond the ACE-Q
Regardless of these more detailed scientific questions pertaining to the nature vs. nurture debate, which remains unresolved by the ACE-Q literature, the centrality of psychiatric health to overall public health is clearly reflected in the ACEs literature. The strong dependency of adult psychiatric health and Figure 2 . Bugle-shaped ACES comorbidity pathway. Diagrammatic conceptualization of a neuroscience-informed causal pathway through developmental stages that explains how and why the ACE-Q literature broadly associates adverse childhood experiences with a wide range of adult mental illnesses, addictions, and medical comorbidities. In (1) childhood and (2) adolescence, adverse rearing environments, impaired parental behavior, and attachment failures are biologically neurotoxic to the developing brain, resulting in preclinical or emerging signs of mental illness (a arrow). In turn, mental illness-induced neurobiological vulnerability to drug addiction, leads to the onset of one or more addictions in adolescence and/or (3) young adulthood (b arrows), which further exacerbates the neurobiological and clinical dimensions of the underlying mental illness (c arrow). The mental illness/addiction comorbidity experienced during young adulthood results in chaotic reproduction and propagates down to the offspring, a new cycle of exposure to adverse rearing environments and parenting impairments. The later causal dynamic (handle of the Bugle shaped horn) represents both a transgenerational and transenvironmental-neurobiological cycle: the brain illness of the parent generates an adverse environment for the child; the adverse environment for the child causes brain illness that later manifests as adult mental illness, addiction, and impairments in parenting capabilities. With increasing age into older adulthood, the scope and severity of addictions and mental illness comorbidities worsen (the girth of the bugle enlarges) so that a larger scope and greater severity of multiorgan toxicities and injuries (i.e. chronic medical diseases) accumulate as consequences of addictions (d arrows), mental illness-induced behaviors (e arrows) and related neuroimmunological insults from early trauma.
parenting capacity on freedom from exposure to high levels of adverse childhood experiences is pronounced. Yet, the U.S. health care and insurance coverage systems remain disproportionately oriented to delivering high-cost procedure and specialty care to address diseases and injuries caused by untreated mental illnesses and addictions, while at the same time the population has relatively limited access to quality services and expertise for addiction and mental health services (Chambers, 2013a) . The public health effects of this lack of parity between medical-somatic vs. brain-behavioral health services (Wen, Cummings, Hockenberry, Gaydos, & Druss, 2013) , may be compounded by a number of problems intrinsic to contemporary behavioral health care and research. These include the widespread segregation of mental health from addiction services and research, child from adult psychiatric services and research, and the predominant focus of modern research on discovering and addressing the genetic determinants of psychiatric disease, to the exclusion of investigations on the neurobiological impacts of adverse psychosocial experiences.
Enacting a clinical translation of conclusions we can draw from the ACEs literature, may require a significant rethinking and repositioning of behavioral health care within the core of public health and primary preventative medicine. Achieving greater integration of mental health and addiction services, and parity of these services with the rest of medical and surgical care, may be critical not only for the prevention of neuropsychiatric disorders, but an even wider range of chronic multi-organ diseases of the body, traditionally (but incorrectly) thought of as unrelated to psychiatric diseases (R. Andrew Chambers, 2018; Felitti, 2009; Hughes et al., 2017; Lesesne & Kennedy, 2005; Whitfield, 1998) . In this rebuilding, greater integration of trauma-related mental health and addiction services and expertise, psychotherapies and medication treatments (R. A. Chambers & Wallingford, 2017; Sanford, Donahue, & Cosden, 2014) will be important. More clinical and research resources should also be directed to the care of reproductively active young adults with young children (i.e. for Stage 3 patients in Figure 2) , that aim to enhance both resilience and parenting skills (Larkin, Beckos, & Shields, 2012; Larkin & MacFarland, 2012; Marvin, Cooper, Hoffman, & Powell, 2002; Southwick & Charney, 2012; Ungar, 2013; Whitaker et al., 2014 ).
In conclusion, this review of two decades of ACE-Q research, suggests the pervasiveness and centrality of detrimental childhood experiences, and their secondary effects on brain development and parenting behavior, as key and perhaps unparallelled root causes of overall disease burden and mortality in the general population (CDC, 2010; Foege, 1998) . 
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